Infectious bacteria in biofilm mode are involved in many of persistent infections. 45 Owing to its importance in clinical settings many in vitro and in vivo studies have analysed 46 the structural and functional properties of biofilm, its resistance to antibiotic exposure etc. 47 Currently the immune mechanism toward the clearance of biofilm infections is being 48 investigated. K. pneumoniae is one of the major leading causes of biofilm infections on 49 indwelling medical devices. There was no previous literature that demonstrates the 50 interactions of macrophage cells lines and Klebsiella biofilm, as the first report, we 51 investigated the in vitro response of Klebsiella biofilm to phagocytosis and cytokine 52 expression. We developed an in vitro model to study the interactions of Kebsiella biofilm 53 and macrophage. The phagocytosis assay was performed for heat inactivated and live 54 biofilm. A similar phagocytic response against both biofilms were observed when these 55 cells were exposed to RAW 264.7 macrophages. Also, the expressions of TLR2, iNOS, 56 inflammatory cytokines such as IL-β1, IFN-γ, IL-6, IL-12, IL-4, TNF-α and anti-57 inflammatory cytokines, IL-10 during phagocytosis were analysed. These results 58 collectively demonstrated that the rate of phagocytosis was an average of 15% for both 59 biofilms. Also, when activated macrophage was exposed to heat-inactivated or live biofilms, 60 there was a significant increase in proinflammatory cytokine genes together with expected 61 increase in TLR2 and iNOS. Thus, it is clear that macrophage response against biofilm 62 producing K. pneumoniae results in increase in phagocytic rate and a corresponding increase 63 in inflammatory cytokine gene expression which could be important for clearing K. 64 pneumoniae cells.
Preparation of biofilm for interaction study
To study the interactions of macrophage and Klebsiella biofilm, the bacteria was 135 cultured overnight in nutrient broth at 37°C. The culture was then centrifuged at 5,000 X g 136 for 10 minutes. The cell pellets was washed with PBS and re-suspended in nutrient broth. The 137 bacterial cells were plated at a density of 10 6 cells/mL on acid washed coverslips (22 × 22 138 mm 2 ), placed in 6 well plates containing nutrient broth and incubated for 72 hours at 37°C to 139 form biofilm. After incubation, the non-adherent cells were removed by washing thrice with 140 sterile 1XPBS. The biofilm formed on coverslip was then transferred to new 6 well plates. 141 For phagocytosis assay, both live and heat inactivated biofilms were used. 6 142 For heat inactivation, two different conditions were used: heat treatment at 56°C for 143 30 minutes in water bath and 56°C for 1 h using bacteriological incubator. After heat 144 treatment, both live and heat inactivated biofilms were stained with ConA-FITC (30 μg/mL) 145 and propidium iodide (1 μg/mL) and observed using Fluorescent microscope.
146
Phagocytosis assay 147 To study the phagocytic response of macrophage towards the biofilm, Raw264.7 148 macrophage cell line was used. The cells were plated at a density of 10 5 cells/mL with 149 complete DMEM medium without antibiotics and were then presented to the biofilm (FITC 150 stained heat inactivated and live biofilm). The interaction study was performed by including 151 the following groups: i. Non-activated macrophages presented to live biofilm, ii. non-152 activated macrophages presented to heat inactivated biofilm for 6 hours [to know the 153 interactions between non-activated macrophage and biofilm], iii. activated macrophages 154 presented to live biofilm, and iv. activated macrophages and heat inactivated biofilm.
155
The macrophages were activated by 3 μg/mL LPS (Sigma) and 100 pmol IFN-γ for 6 156 hrs. [In our previous study with planktonic cells, 4 hours incubation was used to activate 157 macrophages by LPS. Since we presumed that biofilm interactions need more time, we 158 extended the time to 6 hours (15)].
159
After incubation, the coverslips were washed with 1XPBS and treated with 0.005% 160 trypan blue to quench out the ConA-FITC from biofilm cells [16] 
TLR2, iNOS and cytokine expression 168
To analyse the expression pattern of TLR2, iNOS and cytokine expression in Raw 169 264.7 macrophages during the phagocytosis of heat inactivated and live biofilm, the 170 following experimental groups were included.
171
Group 1: Macrophages, Group 2: Activated macrophages, Group 3: Non-activated 172 macrophages presented to live biofilm, Group 4: LPS activated macrophages presented to 173 live biofilm, Group 5: Non-activated macrophages presented to heat inactivated biofilm,
174
Group 6: LPS activated macrophages presented to heat inactivated biofilm.
175
After six hours of macrophage and biofilm interactions, the cells were washed with 176 DEPC treated 1XPBS. Total RNA was then extracted from macrophages using the TRIzol 177 method and converted into cDNA by PrimeScript™ RT-PCR Kit (Takara). The following 178 genes were amplified, TLR2, iNOS, proinflammatory cytokines such as IL-β1, IFN-γ, IL-6, 179 IL-12, IL-4 and TNF-α, anti-inflammatory cytokines IL-10 and GAPDH. These genes were 180 amplified by initial denaturation at 95°C for 5 hours followed by 40 cycles at 95°C for 30 181 seconds. The different annealing conditions (30 seconds) are mentioned in the table and 182 extension was at 72°C for 30 seconds. The PCR primers and amplification conditions are 183 given in Table 1 . The primer pairs were confirmed to amplify the genome DNA fragments of 184 macrophage from control group (macrophages alone). All the groups were tested in triplicate 185 on a real time PCR system (Eppendorf, Germany) using DyNAmo Flask STBR Green qPCR 186 kit (Thermo Scientific) and analysed with the 2 -ΔΔCt method and normalized with GAPDH 187 and control. All experiments were performed in duplicates and the data analysis was executed in 193 GraphPad Prism 6. Two way ANOVA followed by post hoc test (Tukey's multiple 194 comparison) were performed to test statistical significance for multiple comparison. All 195 graphs were prepared with GraphPad Prism 6 and were expressed as the mean ± standard 196 deviation (SD) of triplicates. 
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9 202 reveals that the biofilm matrix was not disrupted during heat inactivation at 56°C for 1 h 203 using bacteriological incubator. The untreated biofilm was shown to have dense live cells.
204
Hence biofilms inactivated using incubator was selected for further study. To understand the role of macrophages in phagocytosis of K. pneumoniae biofilm, we 210 co-incubated both these cells together under different treatment conditions as mentioned. LPS 211 was used to stimulate the macrophages and both heat-inactivated or live biofilms were used 212 for interaction. As can be seen from the results (Fig 2) . increase in phagocytic response thought it was statistically insignificant (S1 Table) . or live biofilm (group 5) with that of group 2 cells, it is clear that there is no significant 246 increase in any of the genes analysed, suggesting that LPS activation is very essential for 247 inducing proinflammatory cytokine responses in macrophages. However, when group 3 248 responses are compared with that of group 5 cells there appears to be some change in gene 249 expression. This is seen especially for TLR2 and IL-12 that showed a significant increase of 250 5-fold and 1.4-fold, respectively, for group 5 cells when compared to group 3 cells (group 3 251 IL-12 expression was in the negative). On the other hand group 5 macrophages showed a 252 moderate increase in gene expression when compared to group 3 cells, while IL-10, as 253 expected, remained unchanged (Fig.3) . cell lines (Mф) in various conditions. Heat inactivated or live biofilms of K. pneumoniae 256 exposed to activated Mф showed increased level of cytokines(TLR2, iNOS, IL-6, IL-β1,
257
IFN-γ, IL-4, IL-12, TNF-α ) except IL-10. Two way ANOVA followed by Tukey's multiple 258 comparison tests were performed. * represents significant fold increase (p < 0.05).
259
When macrophages were activated with LPS and then exposed to heat inactivated 260 (group 6) or live (group 4) biofilms there was a significant increase in all the genes analysed, 261 expect for IL-10 that showed no change. When comparing group 4 cells with group 3, it was 262 observed that TNF-α showed the highest increase of 6-fold, followed by IL-6 and IL-4 (5-263 fold each), iNOS (4-fold), IL-β1 (3-fold) and IFN-γ (2-fold). A similar but more or less a 264 consistent enhancement was observed across all the genes analysed in the case of group 6 265 cells when compared to group 5 macrophages, with increase ranging from 1.7 fold to 3-fold.
266
These groups of cells showed a consistent increase in gene expression when compared to 267 group 4 macrophages. Perhaps heat treatment of biofilm modifies certain surface properties 268 producing these differences. Nevertheless, the highest response was observed for TLR2 in 269 case of group 4 macrophages wherein it showed an increase of 9-fold over its control (group 270 3) macrophage. Taken together these results suggest that (1) LPS activation of macrophage is 271 essential for better phagocytic response towards K. pneumoniae biofilm and, (2) activated 272 macrophages are able to produce a stronger cytokine response when exposed to live biofilm, 273 indicating better recognition of live biofilm cells by macrophages (S2 Table) .
274

Discussion
275
K. pneumoniae is a nosocomial pathogen whose resistance to antibiotics has become a 276 problem worldwide and this is partly owed to its ability to form biofilms [25] . Such biofilm 277 formation is seen quite commonly with MDR strains and extensively drug resistant K. 278 pneumoniae [26] . Together with fimbriae production, biofilm production has become a major 12 279 virulence mechanism [27] leading to immune evasion and establishment of infection [28] .
280
Although there are studies to show the immune clearance of K. pneumoniae strains by the 281 cells of the immune system [25] , the basis for such recognition and interaction is still not 282 fully understood, and moreover most studies have looked at only the planktonic or heat-283 inactivated cells. Thus, there is a general lack of information on the K. pneumoniae biofilm-284 innate immune cell interaction and this formed the basis of this study.
285
To understand the importance of biofilm in immune evasion, we used both heat-286 inactivated and live biofilms as targets and our results show that unactivated RAW 264.7 287 macrophages indeed show a basal phagocytic response towards biofilms, irrespective of the 288 nature of the biofilm. However, we were able to obtain a higher phagocytic rate when 289 macrophages were activated with LPS, before being exposed to biofilm. Even in this case the 290 activated macrophages failed to distinguish between heat-inactivated and live biofilms and on 291 an average the phagocytic rate was around 15% for either heat-inactivated or live biofilms.
292
This suggests that RAW 264.7 macrophages have the ability to phagocytose biofilm strains of 293 K. pneumoniae based on possible surface recognition. However, macrophage activation is 294 needed to enhance this response, which suggests that the priming step is important for the [34]. Our study shows that when activated macrophages were exposed to heat-inactivated or 314 live biofilms, there was a significant increase in pro-inflammatory cytokine genes together 315 with expected increase in TLR2 and iNOS. Interestingly, anti-inflammatory IL-10 showed no 316 upregulation in any of the treatment groups. Surprisingly, both heat-inactivated and live 317 biofilms induced similar upregulation of pro-inflammatory genes in macrophages, suggesting 318 a minor role of exo-polysaccharide in modulating macrophage cytokine responses. However,
319
we would like to point out that this needs more detailed study using isolated exo-320 polysaccharide. At this juncture we would like to point out that in the case of group 3 321 macrophages (unactivated + exposed to live biofilm) and group 5 macrophages (unactivated 322 + exposed to heat-inactivated biofilm) the gene expression was lower than group 2 (activated 323 macrophage alone) macrophages, suggesting the possibility of (1) suppression of macrophage 324 immune responses by the biofilm, and (2) IL-4 (8-fold), IL-12 (5-fold), TNF-α (7-fold), Two way ANOVA followed by Tukey's multiple comparison tests were performed for the 358 cytokine gene expressions (TLR2, iNOS, IL-6, IL-β1, IFN-γ, IL-4, IL-12, TNF-α and IL-10)
